
EP 0 407 687 B1 Description This invention relates to a process for
hydroformylation of an olefinic compound in the presence of a Group VIII
precious metal complex catalyst containing a particular organic phosphorus
compound as a ligand. 5      A process, in which aldehyde or alcohol (a
hydrogenated product of aldehyde) is produced by reacting the olefinic
compound with a mixed gas of [err] in the presence of a soluble organic
catalyst of a Group VIII pre- cious metal complex and a phosphorus ligand,
has been well known as the hydroformylation process. In this
hydroformylation process, the product selectivity, the catalyst reactivity
and stability of aldehyde often con- stitute Important factors to be taken
into consideration in selecting the phosphorus ligand. In particular, since
10  the catalyst to be used for this purpose is very expensive, it is
important from the industrial standpoint to ef- ficiently separate and
recover the catalyst from the liquid reaction product, and return It to the
reaction system again. When the reaction product obtained from the
hydroformylation reaction is of a relatively low boiling point, the
reaction product and the catalyst liquid can usually be separated and
recovered by distillation, the catalyst 15  liquid being able to be
re-circulated into the hydroformylation reaction. In the hydroformylation
reaction, however, various high boiling point products are yielded as
by-products, on account of which the high boiling point by-products are
progressively accumulated in the reaction system by the re-circulation of
the catalyst liquid with the consequent inability to secure the stable
operation. In order to solve this problem, it is necessary that the high
boiling point by-product be removed from the 20  catalyst liquid by
distillation. However, even this treatment has a problem such that the
above-mentioned com- plex undergoes heat-deterioration at a temperature as
high as [err] or above to bring about decrease in the catalytic activity
(vide: Japanese Unexamined Patent Publication No. 196537/1988). Further,
when the reaction product has a high boiling point, in particular, when it
has a relatively poor heat- stability, which is derived from use of higher
unsaturated fatty acids ortheiresters, etc. as the starting material, 25
a high temperature is required to separate the reaction product and the
catalyst liquid for their recovery, on account of which there still remains
a problem such that not only the reaction product is decomposed or lost to
be the high-boiling by-products, but also the catalytic activity of the
catalyst becomes lowered due to heat- deterioration. As the measures for
solving these problems, there has been proposed other methods of recovery
than 30  distillation, wherein the Group VIII precious metal complex
soluble with organic phosphorus compound or the Group Vill precious metal
is recovered by means of, forexample, adsorption, extraction and so forth.
Examples of such proposed methods are as follows. 1) Liquid of a reaction
product obtained by hydroformylation of methyl oleate In the presence of
triphenyl phosphite and a rhodium catalyst carried on an alumina carrier is
filtered to separate the same into the 35      alumina carrier and the
filtered liquid. Then, the filtered liquid is further separated by
distillation into the reaction product and the soluble rhodium catalyst.
The thus separated soluble rhodium catalyst is then carried on the
above-mentioned alumina carrier, and activated by baking so as to be used
again for the hydroformylation reaction (vide: Journal of the American Oil
Chemical Society, 50, pp 455[err]458 (1973)). 2) Unsaturated fatty acid
compound Is subjected to the hydroformylation reaction in the presence of a
com- 40      plex catalyst consisting of a Group VIII precious metal and an
organic phosphorus compound, and the re- 



action liquid as obtained is brought into contact with an activated carbon
adsorbent, on which the organic phosphorus compound is carried, thereby
adsorbing the complex body on the adsorbent. After this, the reaction
liquid is brought into contact with the desorbed liquid to elute the
complex body which is adsorbed on the adsorbent, while the isolated organic
phosphorus compound Is recovered by distillation from the 45     reaction
liquid after the above-mentioned adsorption treatment. The recovered
organic phosphorus com- pound is combined with the above-mentioned eluted
complex body to be used again in the hydroformy- lation reaction (vide:
Japanese Unexamined Patent Publication No. 196537/1988). The
above-mentioned method 1) is difficult to be adopted for the purpose of the
industrialized process for the reasons that the organic phosphorus compound
to be added as the ligand cannot be recovered by this 50  method; its
recovery work is complicated; and, from the standpoint of the
hydroformylation reaction per se, a large amount of rhodium is necessary
for the hydroformylation reaction to proceed at an appropriate rate of
reaction and a rate of yield, which accompanies industrial disadvantage. On
the other hand, while the above-mentioned method 2) Indicates a high rate
of recovery of the catalyst and the isolated organic phosphorus compound,
the method has been found to be low in the catalytic activity 55  in the
low pressure reaction zone, when the hydroformylation reaction was carried
out with the method 2) by the present inventors, as will be shown later in
comparative examples. In viewof these actual situationswith the
above-mentloned conventional techniques, the present inventors have
conducted studies and repeated experiments to find out an industrially
advantageous hydroformylation 2    EP 0 407 687 B1 process, by which the
hydroformylated product can be obtained from an olefinic compound at a high
rate of yield, even in a low pressure reaction zone, and yet the catalyst
used for the reaction can be efficiently recov- ered from the reaction
product, and recycled to the reaction system. As the result of such
strenuous efforts, they have arrived at the present Invention. 5
According to the present Invention, use of the Group VIII precious metal
complex catalyst containing a spe- cific organic phosphorus compound as the
ligand makes It possible to obtain the hydroformylated product at an
appropriate rate of reaction and a very high rate of yield, even under a
low pressure reaction condition, and, moreover, stability of the catalyst
Increases, which makes it possible to maintain very high catalytic
activity, even when the catalyst is separated for recovery by distillation
at a temperature as high as, for example, [err] 10  or above, and then
recirculated to the reaction system for the hydroformylation without
subjecting it to any par- ticular activation treatment. That is to say, the
gist of the present invention resides in the hydroformylation process,
wherein an olefinic compound is reacted with hydrogen and carbon monoxide
in the presence of a Group Vil precious metal com- plex catalyst containing
an organic phosphorus compound as a ligand, which process is characterized
by the 15  use of trialkyl phosphine as the above-mentioned organic
phosphorus compound having the total carbon atom number of 27 or more In
its alkyl group. In the following, the present invention will be described
in specific details. 



There Is no particular limitation to the olefinic compound to be used as
the reaction material In the process of the present Invention, provided
that It Is an organic compound having at least one olefinic double bond
within 20  its molecule. Examples of such olefinic compound are: olefinic
hydrocarbons such as ethylene, propylene, bu- tene, butadiene, octene,
octadiene, dodesene, octadesene, elcosene, docosene, styrene, cyclohexene
and mixtures of Isomers of olefinic oligomers such as lower olefinic
dimers, trimers and tetramers of propylene, n- butene, isobutylene, and
others; and substituted olefins like acrylonitrile, allytalcohol,
1-hydroxy-2,7-octa- diene, 3-hydroxy-1,7-octadiene, methyl acrylate, oleyl
alcohol, unsaturated fatty acid compounds, and so 25  forth. One of the
characteristics of the present invention is that it is applicable to a case
where the starting ma- terials of high boiling point such as octadesene,
eicosene, docosene, and other higher olefinic hydrocarbons, higher
substituted olefins such as oleyl alcohol and higher unsaturated fatty acid
compounds, and so forth are used, hence the reaction product to be obtained
is of a high boiling point. 30      As the above-mentioned unsaturated
fatty acid compounds to be one of the starting materials for the re- action
process according to the present invention, there may be exemplified those
higher unsaturated fatty acids and their esters to be produced in the form
of animal fat and vegetable oil. As the unsaturated fatty acid esters,
there may usually be used esters of unsaturated fatty acid and a monovalent
alcohol. Examples of such unsaturated fatty acid compounds are:
mono-unsaturated fatty acid having the carbon 35  content of from 16 to 18,
such as palmitoleic acid, oleic acid, etc. which are present in the nature
in a relatively large quantity; esterified substances of mono-unsaturated
fatty acid having the carbon content of from 16 to 18, such as methyl
palmitoleate, methyl oleate, ethyl oleate, etc.; and others. By the way, It
Is difficult to obtain industrially these mono-unsaturated fatty acid
compounds (such com- pound will hereinafter be simply referred to as
"mono-ene"). These are usually available In the form of a mixture 40  of
variousfatty acid compounds having wide distribution of carbon content and
different degree of unsaturation. In accordancewith the process of the
present invention, It Is possible to satisfactorily hydroformylate those
mixtures of the fatty acid compounds having such wide distribution of
carbon content and different degree of unsaturation. Of these mixtures of
the unsaturated fatty acid compounds, use of the mixtures with limited con-
tent of the unsaturated fatty acid compound having two or more
carbon-to-carbon double bonds In the molecule 45  (such compound will
hereinafter be simply referred to as "poly-ene"), as the starting material,
for the hydro- formylation is desirable In the production of the formylated
substance at a favorable rate of reaction and with a high rate of yield.
More particularly, It is most suitable to use the mixtures with the content
of the "poly-ene" at the time of the hydroformylation being approximately
20% by weight or below, more preferably 10% by weight or below, 50  with
respect to the total quantity of the "mono-ene" and the "poly-ene". In this
case, the content of the "poly-ene" can be regulated by pre-treating, In
advance of the hydrofor- mylation, the mixture of these unsaturated fatty
acids by the selective hydrogenation method, etc. to convert the "poly-ene"
to the mono-ene". By the way, at the time of hydroformylation of the
"poly-ene" containing mono-ene" by Its reaction with 55   hydrogen and
carbon monoxide in the presence of the rhodium catalyst, if the "poly-ene"
is in a quantity of 6% by weight or below with respect to the total
quantity of both mono-ene and poly-ene, or preferably in a range of from
0.005 to 5% by weight, or more preferably from 0.01 to 4% by weight, or
optimumly from 0.05 to 



3% by weight, it is possible to obtain the hydroformylated substance at an
appropriate rate of reaction and a 3    EP 0 407 687 B1 high rate of yield,
even with a relatively low concentration of the rhodium catalyst, which
ranges from 1.4 x [err]weight with respect to the total quantity of the
mono-ene and the poly-ene, or preferably from [err] by weight, In terms of
a converted value of Rh atom. The Group Vil precious metal complex
containing the organic phosphorus compound as the ligand can 5   be readily
prepared from the Group VIII precious metal compounds and the organic
phosphorus compounds to be described later, by a well known complex forming
method. In this case, those ligands other than the or- ganic phosphorus
compounds, such as the acetyl acetonate group, the cyclopentadienyl group,
the carbonyl group, the carboxyl group, halogens, and hydrogen may further
be contained in this complex. As the Group VIII precious metal compounds to
be usedforforming the complex, there may be exemplilied 10  oxides,
halides, inorganic acid salts, organic acid salts, hydrides, carbonyl
complexes, amine complexes, etc., of the Group VIII precious metals such as
cobalt, rhodium, ruthenium, palladium, osmium, iridium, platinum, and so
on. Of these compounds, the rhodium compounds are of particular Importance.
Examples of the rhodium compounds are: rhodium nitrate, rhodium sulfate,
rhodium trichloride, rhodium oxide, and other inorganic compounds of
rhodium; rhodium acetate, and other organic acid salts of rhodium; 15
[err]; and various other rhodium com- plexes. (In these chemical formulas,
"acac" denotes the acetyl acetonate group; "Ac" represents the acetyl
group; "COD" refers to 1,5-cyclo-octadiene; and "Ph" denotes the phenyt
group.) The quantity of use of the Group VIII precious metal compounds is
not particularly limited. While there may exist a certain limitation to be
taken Into consideration from the catalytic activity and economy of such 20
catalyst compounds, the quantity can be so selected that, for the purpose
of the present invention, the con- centration of the compound In an
ordinary reaction zone may be in a range of from [err] byweight, or
preferablyfrom [err]by weight, with respect to the total quantity of the
olefinic compound, in terms of the converted value of the Group VIII
precious metal. The organic phosphorus compound to be used in the present
invention is trialkyl phosphine having the 25  carbon content of 27 or more
in Its alkyl group. This trialkyl phosphine can be represented by the
following gen- eral formula, 30                                      [err]
35  (where: [err] respectively denote the alkyl group, and the total carbon
atom number In these [err] and [err] or more). Of various trialkyl
phosphines as represented above, those having the carbon atom number of at
least 6 In each of these three alkyl groups are more preferable. When the
total carbon atom number In the above-mentioned alkyl groups Is below 27,
the rate of the hy- 40  droformylation reaction is low, hence the reaction
results of the catalyst at the time of its recycled use, after separation
of the hydroformylated product and the catalyst by distillation, become
also poor. 



The above-mentioned upper limit of the total carbon atom number in the
alkyl groups is not limitative. Al- though there Is no necessity for
Increasing the carbon atom number more than that, with which the process of
the present invention can be carried out efficiently, when the carbon
content becomes excessively large, 45  the solubility of the organic
phosphorus compound becomes lowered, hence it Is appropriately selected In
such a manner that the reaction liquid may be rendered a uniform solution
under the conditions for the hydrofor- mylation reaction. That is, the
carbon content of 90 or below, or more preferably 70 or below, should be
suffi- cient for the purpose of the present invention. Concrete examples of
the organic phosphorus compounds to be used In the present invention are as
fol- 50  lows: tri-n-nonyl phosphine, tri-n-decyl phosphine, tri-isodecyl
phosphine, mixtures of tri-decyl phosphine, tri- n-dodecyl phosphine,
tri-n-tetradecyl phosphine, di-n-dodecyl tetradecyl phosphine,
tri-n-octadecyl phosphine, tri-n-docosyl phosphine, di-n-hexyl octadecyl
phosphine, di-n-dodecyl-n-hexyl phosphine, and so forth. Of these
compounds, tri-n-decyl phosphine, tri-n-dodecyl phosphine, tri-n-telradecyl
phosphine, and tri-n-octa- decyl phosphine are particularly preferable. 55
There is no particular limitation to the quantity of use of the
above-mentioned organic phosphorus com- pound, but it can be arbitrarily
selected in such a manner that a desired result may be obtained for the
sake of the catalytic activity and the catalytic stability. Usually, its
quantity is selected in a range of from about 1 to 500 mols, or preferably
from 2 to 100 mols per 1 mol of rhodium atom. 4    EP 0 407 687 B1 In
carrying out the hydroformylation reaction by the process of the present
invention, use of a reaction solvent is not essential. If necessary,
however, a solvent which Is inactive to the hydroformylation reaction may
be present in the reaction system. Examples of the preferred solvents are:
aromatic hydrocarbon compounds such as toluene, xylene, dodecylbenzene,
etc.; ketones such as acetone, diethyl ketone, methylethyl ketone, 5   and
so forth; ethers such as tetrahydrofuran, dioxane, and so on; and esters
such as ethyl acetate, di-n-oc- tylphthalate, and so on. The reaction
conditions for the hydroformylation reaction in the process of the present
invention may be the same as those which have usually been employed,
wherein the reaction temperature is selected In a range of from room
temperature to [err], or preferably from [err]to [err]the reaction pressure
Is selected from 10   a range of from a normal pressure to 200 atmospheres,
or preferably from 5 to 100 atmospheres, or more pre- ferably from 5 to 50
atmospheres. The molar ratio between hydrogen and carbon monoxide [err] is
usually selected In a range of from 10/1 to 1/10, or preferably from 1/1 to
6/1. The hydroformylation reaction can be done either continuously or
batch-wise in an agitation-type reaction vessel or a foaming-tower type
reaction vessel. 15      Separation of hydroformylated product and the
catalyst liquid from the liquid of the hydroformylation re- action, at the
time of effecting the process of the present Invention may be done by the
well known methods such as the ordinary vacuum distillation or the thin
film molecular distillation. There is no particular limitation to the
conditions for the distillation, but it can be arbitrarily established so
as to obtain the desired result, while 



taking into consideration the volatile property and the heat-stability of
the resulting hydroformylated product, 20  and the volatile property,
heat-stability, etc. of the catalyst containing therein the isolated
organic phosphorus compound. In general, a temperature range of from [err]
to [err] and a pressure range of from 760 mmHg to [err] mmHg may be usually
selected. In carrying out the distillation, use of the solvent is not
essential. If required, however, a solvent which is Inactive to the
hydroformylated product and the catalyst may be present In the reaction
system. From the re- 25  sidual liquid containing therein the Isolated
catalyst, the Group VIII precious metals can be recovered by the well known
method, or at least a part of the residual liquid is circulated into the
reaction steps for the hydro- formylation so as to be able to use the
catalyst again. In the following, the present invention will be described
in further details with reference to several preferred examples thereof. It
should, however, be noted that these examples are merely illustrative of
the present In- 30 vention and not so restrictive, and that any changes and
modifications may be made by those persons skilled in the art without
departing from the spirit and scope of the invention, as recited in the
appended claims. EXAMPLE 1 35     Into a stainless steel autoclave of
up-and-down agitation type, having an Internal capacity of 200 ml, the
following ingredients for the hydroformylation reaction were charged, In a
nitrogen atmosphere: 60 ml of crude methyl oleate as the starting material
(composed of 85.34% by weight of methyl oleate, 11.29% by weight of methyl
stearate, 0.17% by weight of methyl hexadecanate, 2.66% by weight of methyl
palmitate, and 0.2% by weightorbelowof methyl rinolate); 5ml of
n-tetradecane; 15.5mg of Rh(acac)(C0)[err]; and 5 molsof P[err] 40  per 1
mol of rhodium atom. After the charging of these ingredients, the autoclave
was tightly closed. Then, nitrogen gas was filled into this autoclave under
pressure of up to and including 10 kg/[err]. Thereafter, op- eration of
returning the pressure level to a normal pressure was repeated forthree
times, after which the tem- perature in the autoclave was elevated to
[err]. As soon as the temperature reached [err], water gas [err]was
promptly sent into the autoclave under pressure so that the total pressure
might become 50 45  [err], and the reaction was commenced, which was
continued for two hours. The water gas, which was consumed by the reaction,
was replenished by a pressure accumulator through a constant pressure
device, thereby maintaining the reaction pressure at a constant level of 50
kg/[err]. Afterthe reaction, the reaction liquid was taken out of the
autoclave and concentration of the reaction prod- uctwas measured by its
analyses through a gas chromatograph (column; "Thermon-3000", capillary;
0.25mm[err] 50   x 50m). The results are shown In Table 1 below.
Subsequently, the resulted reaction liquid was charged into a funnel of a
flowing type thin film distillation device, in an argon atmosphere, after
which the distillation was commenced at a temperature of [err] (a tem-
perature of a reflux steam generating source) and under a reduced pressure
of 4 mmHg. After the distillation, 60 ml of the above-mentioned crude
methyl oleate as the starting material and 5 ml of n-tetradecane were 55
added, in an argon atmosphere, to a small quantity of the residual liquid
contained in the catalyst liquid, and then the batch was transferred into a
stainless steel autoclave of up-and-down agitation type, having an in-
ternal capacity of 200 ml, the interior of which had been substituted with
argon. Subsequently, the second re- action was effected by the same
operation as done In the above-mentioned Initial reaction. The results of
the 5  



EP 0 407 687 B1 gas chromatographic analyses after the reaction are also
shown in Table 1 below. EXAMPLE 2 5      The same procedures as in Example
1 above were followed, with the exception that use was made of P(n- [err]in
place of [err]. The results of the gas chromatographic analyses afterthe
reaction are shown in Table 1 below. EXAMPLES 3 and 4 10 The same
procedures as in Example 1 above were followed with the exception that, in
place of P(n- [err] was used in Example 3, and [err] was used in Example 4.
The results of the gas chromatographic analyses after the reaction are
shown in Table 1 below. 15 20 25 30 35 40 45 50 55 6    EP 0 407 687 B1 5
Table 1 Results of reaction Organic      Number
Rate of phosphorus   of         Invert  Rate Rate   reaction ligand
reaction ratio   of of            (mol/l.hr) yield  yield 15
f        of [err] first      97.3   94.8    2.4        7.67 1  P[err]
second       98.8   96.3    2.5       8.81 20 first      97.5   94.9    2.6
7.28 



2  P [err]second      98.5   96.1    2.4       8:92 first      96.8   94.2
2.6         6.72 25       3  [err]  second       84.8   83.4   1.7.
2.27 first      72.7   70.4   1.0         2.88 4  [err]         second 30
*1) MO: methyl oleate, ML: methyl rinolate invert ratio    charged
[MO+ML]-unreacted [MO+ML]    x 100(mol%) charged [MO+ML] *2) MFS;
methylformyl stearate rate of yield -    produced MFS        100 (mol%) 40
charged  [MO+ML] *3) NS: methyl stearate rate of yield =    Produced MS
100 (malt) charged [MO+ML] *4) primary approximate speed in a range of the
invert ratio of from 0 to 50% 50 55 EXAMPLE 5 The same procedures as in
Example 1 above were followed, with the exception that the quantities of
use of Rh(acac)[err] and [err]3 were respectively made 30.0 mg and 4 mols
per 1 mol of rhodium atom, 7    EP 0 407 687 B1 the reaction pressure was
made 8.5 kg/[err], and the reaction time was made 5 hours to carry out the
hy- droformylation reaction foronlyone time. Table 2 below shows the
results of the gas chromatographic analyses after the reaction. 5
EXAMPLES 6 and 7 The same procedures as In Example 5 above were followed
with the exception that, in place of [err] in Example 5, [err] was used in
Example 6, and [err] was used in Example 7. The results of the gas
chromatographic analyses after the reaction are shown In Table 2 below. 10
Table 2 15 Reaction results (mol %) organic
Rate of EX.  phosphorus   Invert    Rate of   Rate of   reaction 20
ligand           ratio of  yield of  yield of  (mol/l.hr) 



MO+ML      MSF         MS 5   [err]    96.9           93.5        2.3
1.54 25          6   [err]         61.1        59.4        1.0         0.31
7   [err]           4.7         5.8        1.1 30 EXAMPLE 8 Into a
stainless steel micro-autoclave of spinner-agitation type, having an Inner
capacity of 70 ml, the fol- 35  lowing ingredients were charged in an argon
gas atmosphere: 21.08 g of 1-docosene, 3 ml of n-tetradecane, 14.7 mg of
Rh(acac)(CO)2, and 5 mols of [err]3 per 1 mol of rhodium atom. After the
charging, the au- toclave was tightly closed, and argon gas was filled
thereinto under a pressure of upto and Including 10 kg/[err]. Thereafter,
operation of returning the pressure within the autoclave to a normal
pressure was re- peated for three times, and then the temperature was
elevated to [err]. As soon as the temperature reached 40  the level of
[err], water gas (err) was filled under pressure so as to bring the total
pressure to 7.5 kg/[err], and the reaction was effected for three hours,
while maintaining the pressure at 7.5 kg/[err] con- stant. After the
reaction for 3 hours, the reaction liquid was drained in a state of its
being heated at [err] to subject the reaction product to the gas
chromatographic analyses. Table 3 below shows the results of the ana- lyses
(the invert ratio of olefin, rate of yield of produced aldehyde, and ration
of parafination). In the next place, 46  the resulted reaction liquid In
the state of its having been heated to [err] was charged, in the argon gas
at- mosphere, into a thin film distillation device, and the distillation
was carried out under the same conditions as in Example 1 above. After the
distillation, 21.10 g of 1 -docosene and 3 ml of n-tetradecane were again
added to a small amount of residual liquid containing therein the catalyst
liquid, and the second reaction was con- ducted by the same manner of
operation as in the first reaction. Table 3 below indicates the results of
the gas 50  chromatographic analyses of the drained liquid after the
reaction. EXAMPLE 9 The same procedures as In Example 8 above were
followed, with the exception that, In place of P(n- 55  [err] in Example 8,
(err] was used. The results of the gas chromatographic analyses after the
first and second oxo-reaction are shown in Table 3 below. 8    EP 0 407 687
B1 EXAMPLE 10 The same procedures as in Example 8 above were followed with
the exception that, in place of 1-docosene In Example 8 27 ml of oleyl
alcohol (purity: 87.4 wt.%) was used, and the reaction was conducted for 5
hours 5   (provided that, after the oxo-reaction, heating of the reaction
liquid at the time of the analyses and the distil- lation was omitted). The
results of the gas chromatographic analyses (column; 5% PEG-HT/Uniport-P)
after the first and second oxo-reaction are shown in Table 3 below. EXAMPLE
11 10 



The same procedures as In Example 10 above were followed with the exception
that, In place of P(n- [err]3 in Example 10, [err] was used. The results of
the gas chromatographic analyses after the oxo- reaction are shown In Table
3 below. 15 Table 3 20 Results of reaction Organic        Number Ex.
Olefin    phosphorus   of 2        No.               ligand
reaction Olef in Rate of   Rate of invert  yield of  paraffin ratio
aldehyde  izing first        99.5      95.8         1.3 30         8
Docosene   [err]  second             99.6      94.6         1.5 1-
first        99.0      95.3         1.3 9   Docosene  [err]   second
87.4      84.5         1.6 1 0  Oleyl                     first        68.3
65.5         1.3 alcohol   [err]second                 70.2      66.5
1.6 Oleyl                      first        67.6      65.0         1.5
alcohol   [err]   second           45.3      43.1         1.1 40 EXAMPLE 12
45 [Preparation of a mixture of unsaturated aliphatic acid compounds] 150
ml of crude methyl oleate ester available In general market (material a in
Table 4 below) and 1.50 g of 1% [err] powdercatalystwere charged into a
stainless steel autoclave of induction-agitating type, having 50  an Inner
capacity of 200 ml, and then it was tightly closed. After this, nitrogen
gas was further filled into this autoclave under pressure of upto and
including 10 kg/p[err]. After repeating the operation of returning the
pres- sure to a normal level for three times, the temperature within the
autoclave was raised to [err]. As soon as the temperature reached [err],
the hydrogenation reaction was conducted, while Intermittentiy feeding hy-
drogen gas under a pressure of 5 kg/[err] or below. On the way.of this
hydrogenation reaction, the content 55  in the reaction system was sampled
for analysis through a gas chromatograph, thereby pursuing the reaction.
Upon completion of the hydrogenation reaction, the catalyst was separated
from the reaction system with use of a 0.8[err]membrane filter. By
effecting the above-mentioned hydrogenation reaction for an appropriate
length of time, there were prepared mixtures of materials with different
contents of the poly-enes (materials b and c 9    EP 0 407 687 B1 



in Table 4 below). Also, after refining of the material a by distillation,
the hydrogenation reaction was conducted in the same manner as mentioned
above, thereby obtaining mixtures of materials having different contents of
the poly-enes (materials d and e in Table 4). Besides the above, methyl
rinolate available in general market was added to the material d to prepare
5   mixtures of materials with different contents of the poly-enes
(materials f and g in Table 4 below). 10 15 20 26 30 35 40 45 50 55 10
EP 0 407 687 B1 15 30    EP 0 407 687 B1 *1) Me denotes the methyl group.
Also, in  the above 5      Table  4, [err]represents  the hydrocarbon
group with  the [err] carbon content of m having n number of the double
bond. EXAMPLES 13 to 18 10 Into a stainless steel autoclave of up-and-down
agitation type, having an inner capacity of 200 ml, the fol- lowing
Ingredients were charged In a nitrogen atmosphere: 60 ml of the material b
obtained In Example 12 (vide: Example 14), the material c (vide: Examples
13 and 18), the material e (vide: Example 15), the material f (vide:
Example 16), or the material g (vide: vide Example 17); 5 ml of m-xylene;
and methanol solution of rhodium 15  acetate in a quantity sufficient to
attain a predetermined rhodium concentration (1.374 mg of metallic rhodium
in 1 g of methanol), and then It was tightly closed. Nitrogen gas was
further filled Into this autoclave under pressure of upto and including 10
kg/[err], after which, the operation of returning the pressure to a normal
level was repeated for three times.Thereafter, temperature within the
autoclave was raised to [err]. As soon 



as the temperature reached [err], water gas [err] was filled into the
autoclave under pressure such 20  that the total pressure therewlthin might
become 170 kg/[err], and the reaction was commenced, which was continued at
this temperature level for a time period as indicated In Table 5 below. The
water gas, which was consumed by the reaction, was replenished from a
pressure accumulator through a constant pressure device, thereby
maintaining the reaction pressure at the constant level of 170 kg/[err].
After the reaction, test speci- mens were taken out of the reaction system
to measure the concentration of the reaction product by the gas 26
chromatographic analyses. The results are shown in Table 5 below. EXAMPLES
19 to 22 The same procedures as in Example 13 above were followed, with the
exception that, In place of the ma- 30  terial c, use was made of 60 ml of
methyl oleate ester available in general market (the material a In Table 4)
to carry out the reaction under the conditions as shown in Table 5 below.
The results of the gas chromato- graphic analyses of the reaction product
after the reaction are shown in Table 5 below. 35 40 46 50 12    EP 0 407
687 B1 10 15 20 25                                   _ 35 40 55 13    EP 0
407 687 B1 *1) Rh concentration with respect to the total quantity of
unsaturated fatty acid compounds in each material *2) MO: methyl oleate,
ML: methyl rinolate 10                       invert  ratio    charged
[MO+ML]-unreacted  [MO+ML]  x 100 (mol%) charged [MO+ML] 15           *3)
MFS: methylformyl stearate 



rate of yield                                   [err] charged [MO+ML] 20
EXAMPLE 23 The same procedures as In Example 13 above were followed, with
the exception that 60 ml of the material d obtained In Example 12, 5 ml of
m-xylene, methanol solution of rhodium acetate in a quantity sufficient to
25   attain the rhodium concentration as shown In Table 6 below, and
triphenyl phosphine as shown In Table 6 were charged Into a stainless steel
autoclave having an Inner capacity of 200 ml, and the reaction was
conducted for 1.5 hours. The results of the gas chromatographic analyses on
the reaction product after the reaction are shown in Table 6 below. 30 35
40 45 50 55 14    EP 0 407 687 B1 15 0 25 35    EP 0 407 687 B1
hydroformylation of olefinic compounds with good efficiency and high rate
of yield. In particular, it is capable of satisfactorily effecting the
hydroformylation of higher olefinic compounds, even under low pressure
condi- tions. 5 Claims 1. Hydroformylation process, wherein an olefinic
compound is reacted with hydrogen and carbon monoxide In the presence of a
Group Vill precious metal complex catalyst containing an organic phosphorus
corn- 10      pound as a ligand, said process being characterized by use of
trialkyl phosphine, as said organic phos- phorus compound, having the total
carbon atom number of 27 or more in its alkyl groups. 2. Process according
to Claim 1, characterized in that trialkyl phosphine to be used as said
organic phos- phorus compound contains six or more carbon atoms in each of
its three alkyl groups. 



15 3.  Process according to any one of Claims 1 to 2, characterized In that
trialkyl phosphine to be used as said organic phosphorus compound contains
the total carbon atoms of from 27 to 90 in Its alkyl groups. 4. Process
according to Claim 1, characterized In that trialkyl phosphine to be used
Is one selected from the group of tri-n-decyl phosphine, tri-n-dodecyl
phosphine, tri-n-tetradecyl phosphine, and tri-n-octadecyl phosphine. 5.
Process according to any one of Claims 1 to 4, characterized in that said
Group Vill precious metal is one selected from the group of cobalt,
rhodlum, ruthenium, palladium, osmium, Irldium, and platinum. 25  6.
Process according to any one of Claims 1 to 5, characterized in that said
olefinic compound to be used is one selected from the group of olefinic
hydrocarbons and substituted olef ins. 7. Process according to Claim 6,
characterized in that said olefinic hydrocarbon is one selected from the
group of ethylene, propylene, butene, butadiene, octane, octadiene,
dodesene, octadesene, elcosene, do- 30      cosene, styrene, cyclohexene,
and mixtures of Isomers of olefinic oligomers such as dimers, trimers, and
tetramers of lower olef Ins. 8   Process according to Claim 6,
characterized in that said substituted olefins are those selected from the
group of acrylonitrile, allyl alcohol, 1-hydroxy-2,7-octadiene,
3-hydroxy-1,7-octadiene, methyl acrylate, 35      oleyl alcohol, and
unsaturated fatty acid compounds. 9. Process according to Claim 8,
characterized in that, as said substituted olef ins, use is made of an
unsa- turated fatty acid compound. 10. Process according to Claim 9,
characterized in that said unsaturated fatty acid compound is one selected
from the group of mono-unsaturated aliphatic acids having the carbon atom
number of from 16 to 18, and their esterif led substances. 11. Process
according to Claim 9 or 10, characterized in that, as said unsaturated
fatty acid compound, use is made of such one with the content of an
unsaturated fatty acid compound having two or more carbon- 45
to-carbon double bond in the molecule ("poly-ene") being 20% by weight or
below with respect to the total quantity of said poly-ene and a
mono-unsaturated aliphatic acid compound ("mono-ene"). 12. Process
according to any one of Claims 1 to 11, characterized In that concentration
of said Group VIII precious metal in the hydroformylation reaction zone is
in a range of from 1.2 x [err] to 1.2 x 10-1% by 50      weight with
respect to the total quantity of the olefinic compound In terms of a
converted value of said Group Vill precious metal. 13. Process according to
any one of Claims 1 to 12, characterized In that a quantity of use of said
organic phosphorus compound is in a range of from 1 to 500 mols per 1 mol
of rhodium atom. 55 14. Process according to Claim 13, characterized in
that a quantity of use of said organic phosphorus com- pound is in a range
of from 2 to 100 mols per 1 mol of rhodium atom.    EP 0 407 687
c  L  M   s hydroformylation of olefinic compounds with good efficiency and
high rate of yield. in particular, It is capable 



of satisfactorily effecting the hydroformylation of higher olefinic
compounds, even under low pressure condi- tions. 5 Claims 1.
Hydroformylation process, wherein an olef inic compound is reacted with
hydrogen and carbon monoxide in the presence of a Group VIII precious metal
complex catalyst containing an organic phosphorus com- 10      pound as a
Ilgand, said process being characterized by use of trialkyL phosphine, as
said organic phos- phorus compound, having the total carbon atom number of
27 or more in its alkyl groups. 2. Process according to Claim 1,
characterized In that trialkyl phosphine to be used as said organic phos-
phorus compound contains six or more carbon atoms in each of its three
alkyl groups. 3. Process according to any one of Claims 1 to 2,
characterized in thattrlalkyl phosphine to be used as said organic
phosphorus compound contains the total carbon atoms of from 27 to 90 in its
alkyl groups. 4.  Process according to Claim 1, characterized in that
trialkyl phosphine to be used is one selected from the group of tri-n-decyl
phosphine, tri-n-dodecyl phosphine, tri-n-tetradecyl phosphine, and
tri-n-octadecyl 20      phosphine. 5. Process according to any one of
Claims 1 to 4, characterized in that said Group VIII precious metal is one
selected from the group of cobalt, rhodium, ruthenium, palladium, osmium,
Iridium, and platinum. 25  6.  Process according to any one of Claims 1 to
5, characterized in that said olefinic compound to be used is one selected
from the group of olefinic hydrocarbons and substituted olef ins. 7.
Process according to Claim 6, characterized in that said olefinic
hydrocarbon is one selected from the group of ethylene, propylene, butene,
butadiene, octene, octadiene, dodesene, octadesene, eicosene, do- 30
cosene, styrene, cyclohexene, and mixtures of isomers of olef inic
oligomers such as dimers, trimers, and tetramers of lower olefins. 8.
Process according to Claim 6, characterized in that said substituted
olefins are those selected from the group of acrylonitrile, allyl alcohol,
1-hydroxy-2,7-octadiene, 3-hydroxy-1,7-octadiene, methyl acrylate, 35
oleyl alcohol, and unsaturated fatty acid compounds. 9.  Process according
to Claim 8, characterized in that, as said substituted olefins, use is made
of an unsa- turated fatty acid compound. 10. Process according to Claim 9,
characterized in that said unsaturated fatty acid compound is one selected
40      from the group of mono-unsaturated aliphatic acids having the
carbon atom number of from 16 to 18, and their esterif led substances. 11.
Process according to Claim 9 or 10, characterized in that, as said
unsaturated fatty acid compound, use is made of such one with the content
of an unsaturated fatty acid compound having two or more carbon- 45
to-carbon double bond in the molecule ("poly-ene') being 20% by weight or
below with respect to the total quantity of said poly-ene and a
mono-unsaturated aliphatic acid compound ("mono-ene"). 12. Process
according to any one of Claims 1 to 11, characterized in that concentration
of said Group VIII precious metal in the hydroformylation reaction zone is
in a range of from 1.2 x [err] to 1.2 x 10-1% by 50      weight with
respect to the total quantity of the olefinic compound in terms of a
converted value of said Group VIII precious metal. 13. Process according to
any one of Claims 1 to 12, characterized in that a quantity of use of said
organic 



phosphorus compound is in a range of from 1 to 500 mols per 1 mol of
rhodium atom. 55 14. Process according to Claim 13, characterized in that a
quantity of use of said organic phosphorus com- pound is in a range of from
2 to 100 mols per 1 mol of rhodium atom. 16    EP O 407 687 B1 15. Process
according to any one of Claims 1 to 14, characterized in that use is made
of a reaction solvent which is inactive to the hydroformylation reaction.
16. Process according to Claim 15, characterized in that, as said reaction
solvent, used is made of one se- 15     lectd from the group of aromatic
hydrocarbon compounds, ketones, and esters. 17. Process according to any
one of Claims 1 to 16, characterized In that the hydroformylation reaction
is conducted at a temperature ranging from room temperature to [err]. 18.
Process according to any one of Claims 1 to 17, characterized In that the
hydroformylation reaction Is 10      conducted under a pressure ranging
from a normal pressure to 200 atmospheres. 19. Process according to any one
of Claims 1 to 18, characterized In that, from the hydroformylation
reaction liquid, the hydroformylated product and the catalyst liquid are
separated by distillation. 15  20. Process according to any one of Claims 1
to 19, characterized In that said distillation is the vacuum dis- tillation
or the thin film distillation. 21. Process according to Claim 19,
characterized in that said distillation is conducted at a temperature
ranging from [err] to [err], and under a pressure ranging from 760 mmHg to
[err] mmHg. 20 22. Process according to any one of Claims 19 to 21,
characterized In thatsaid catalystliquid, which has been separated by
distillation, is circulated into the hydroformylation reaction system for
repeated use. 25 Patentansprilche 1.  Hydroformylierungsverfahren, worln
Sine olef inische Verbindung mit Wasserstoff und Kohlenmonoxid in Gegenwart
elnes Edelmetalikomplex-Katalysators der Gruppe Vill, der elne organische
Phosphorverbin- dung als elnen Uganden enthalt, umgesetztwird, wobel des
Verfahren gekennzeichnet Istdurch den Eln- 30      satz von
Trialkyiphosphin als der genannten organischen Phosphorverbindung, das die
Gesamtzahl von Kohlenstoffatomen von 27 oder mehr in selnen Alkylgruppen
aufweist 2. Verfahren nach Anspruch 1, dadurch gekennzsichnet, dai3 des
Trialkyiphosphin, das als die genannte or- ganische Phosphorverbindung
verwendet werden soll, 6 oder mehr Kohlenstoffatome in jeder selner drel 35
Alkylgruppen enthAlt. 3.  Das Verfahren nach irgendeinem derAnsprOche 1 bis
2, dadurch gekennzeichnet, daB des Trialkylphos- phin, des als die genannte
organische Phosphorverbindung zu verwenden lst, insgesamt 27 bis 90 Koh-
lenstoffatome in seinen Alkylgruppen enthilt. 40  4. Verfahren nach
Anspruch 1, dadurch gekennzelchnet, daB das zu verwendende Trialkylphosphin
ausge- wahit Ist aus der Gruppe aus Tri-n-decylphosphin,
Tri-n-dodecylphosphin, Tri-n-tetradecylphosphin und 



Tri-n-octadecylphosphin. 5. Verfahren nach Irgendelnem der Anspruche I bis
4, dadurch gekennzelchnet, daB des genannte Edel- 45      metall der Gruppe
Vil ausgewAhit Ist aus der Gruppe aus Kobalt, Rhodium, Ruthenium,
Palladium, Os- mium, iridium und Platin. 6. Verfahren nach irgendeinem der
Anspruch I bis 5, dadurch gekennzelchnet, daB die genannte einzuset- zende
olefinische Verbindung ausgewihit Ist aus der Gruppe aus olefinischen
Kohlenwasserstoffen und 60      substitulerten Olefinen. 7. Verfahren nach
Anspruch 6, dadurch gekennzelchnet, daB der oleflnische Kohlenwasserstoff
ausgewahIt Ist aus der Gruppe aus Ethylen, Propylen, Buten, Butadien,
Octen, Octadlen, Dodecen, Octadecen, Eicosen, Docosen, Styrol, Cyclohexen
und Mischungen von lpomeren olefinischerOligomerer, wie Dime- 55      rer,
Trimerer und Tetramerer niederer Olefine. 8. Verfahren nach Anspruch 6,
dadurch gekennzeichnet, daB,die genannten substituierten Olefine ausge-
withit sind Sue der Gruppe von AcryInitril, Allylalkohol,
1-Hydroxy-2,7-octadlein, 3-Hydroxy-1 ,7-octadien, .17    EP 0 407 687 B1
Methylacrylat, Oleylalkohol und ungeslttigten Fettaiureverbindungen. 9.
Verfahren nach Anspruch 8, dadurch gekennzelchnet, dal als substitulerte
Olefine Gebrauch von einer ungesatmgten FettsAureverbIndung gemacht wird. -
s 10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daa die genannte
ungesattigte Fettsilureverbin- dung afisgewahit let aus der Gruppe von
mono-ungesattigten allphatischen Sauren mit 16 bis 18 Kohlen- stoffatomen
und ihren veresterten Substanzen. 11. Verfahren nach Anspruch 9 odor 10,
dadurch gekennzelchnet, daa als die genannte ungesfttigte Fett- 10
sgureverbindung Gebrauch gemacht wird von einer, deren Gehalt an
ungeslttigter Fettsaureverbindung mit 2 oder mehr
Kohlenstoff-Kohlenstoff-Doppelbindungen Im Molekil ("Poly-en") 20 Gew.-%
oder we- niger mit Bezug auf die Gesamtmenge des genannten Poly-ons und
elner mono-ungeslttlgten allphati- schen Slureverbindung ("Mono-en)
betrlgt. 15  12. Verfahren nach Irgendelnem derAnsprOche I bis 11, dadurch
gekennzelchnet, dan die Konzentration des Edelmetalles der Gruppe Vil in
der Reaktlonszone der Hydroformylierung im Bereich von 1,2 x 10-5 bbe 1,2 x
10-1 Gew.-% mit Bezug auf die Gesamtmenge der olefinischen Verbindung als
umgewandelterWert des Edelmetalles der Gruppe Vill betragt. 20  13.
Verfahren nach Irgendeinem derAnspruche 1 bis 12, dadurch gekennzelchnet,
daB sine verwendete Men- ge der organischen Phosphorverbindung im Bereich
von 1 bis 500 Mole pro Mol Rhodiumatom liegt. 14. Verfahren nach Anspruch
13, dadurch gekennzelchnet, daB eine eingesetzte Menge der genannten or-
ganischen Phosphorverbindung im Bereich von 2 bis 100 Mole pro Mol
Rhodlumatom liegt. 25 15. Verfahren nach Irgendeinem der Anspruche I bis
14, dadurch gekennzelchnet, daf Gebrauch gemacht 



wird von elnem LOsungsmittel far die Umsetzung, das hinsichtlich der
Hydroformyilerungsreaktion Inaktiv ist. 16. Verfahren nach Anspruch 15,
dadurch gekennzeichnet, dal als das genannte Ldsungsnmittel fOr die Urn-
setzung Gebrauch gemacht wird von einem, das ausgewihit ist der Gruppe aus
aromatisohen Kohlen- wasserstoffverbindungen, Ketonen und Estern. 17.
Verfahren nach Irgendeinem der AnsprOche 1 bis 16, dadurch gekennzebchnet,
daB die Hydroformylie- rungsreaktlon be] einer Temperatur im Bereich von
Raumtemperatur bWs zu 2000C ausgef0hrt wird. S6 18. Verfahren nach
irgendeinem der Anspruche 1 bis 17, dadurch gekennzeichnet, daB die
Hydroformyile- rungsreaktion unter einem Druck Im Bereich von einem
Normaldruck biW zu 200 bar (Atmospharen) aus- gefflhrt wird. 40  19.
Verfahren nach irgendelnern derAnspruche I bis 18, dadurch gekennzeichnet,
daB das hydroformylierte Produkt und die Katalyeatorflasaigkeit durch
Destillatlon von der Hydroformylberungs-Reaktions- flflssigkeit getrennt
werden. 20. Verfahren nach irgendeinem der Anspruche I bis 19, dadurch
gskennzeichnet, daB die genannte Destil- 46      latlon die
Vakuumdestillation odor die Dflnnfilmdestillation lst. 21. Verfahren nach
Anspruch 19, dadurch gekennzeichnet, daB die genannte Destillation bei
einer Tempe- ratur im Bereich von 500C bim 3000C und unter einem Druck Im
Berelch von 760 mmHg bis 10-4 mmHg ausgefrlhrt wird. 60 22. Verfahren nach
irgendeinem derAnsprOche 19 bis 21, dadurch gekennzelchnet, daa die
genannte Kate- lysatorflOssigkelt, die durch Destillation abgetrennt worden
ist, zum wlederholten Gebrauch In das Hydroformylierungs-Reaktionssystem
zuruckgefuhrt wird. 55 Revendlicatlons 1.  Proc6de d'hydroformylatlon,
sulvant lequel un compose ol6finique est mis a reagir avec de I'hydrogene
18    C   L   M  S* et du monoxyde de carbons, en presence d'un catalyseur
A complexe de m6tal pr6cieux du Groups Vill, contenant un compose organique
du phosphors en tant qus ligand, ledit procede etant caractbrise par
l'utilisation d'une trialkyl phosphine, on tant qus compose organique du
phosphore pre-citb, dont lea grou- pes alkyle comprennent un nombre total
d'atomes de carbons de 27, ou davantage. K5 2.  Procede selon la
revendlcation 1, caracterise par le fait que la trialkyl phosphine devant
etre utilisee en tant qus compose organique du phosphore precit6, contlent
six atomes de carbons, ou davantage, dans chacun de sea trois groupes
alkyle. 3.  Proc6d6 selon l'une quelconque des revendlcations I et 2,
caractbisb par le falt que la trialkyl phosphine, 



devant etre utillsee en tant que compose organique du phosphore precitb,
contient un nombre total dCato- mes de carbons de 27 A 90 dans sea groupes
alkyle. 4. Procede selon la revendication 1, caracterise par le fait quo la
trialkyl phosphine devant etre utillsee eat flune choisie dans le groups
constitue par la tri-n-decyl phosphine, la tri-n-dod6cyl phosphine, la
trl-n-te- tradecyl phosphine, et la tri-n-octad6cyl phosphine. 5.  Procede
solon l'une quelconque des revendications 1 A 4, caracterise par le fait
quo ledit metal precleux du Groups Vil, est i'un choisi dans le groups
consttu6 parls cobalt, le rhodium, le ruthenium, le palladium, I'osmium,
IMrid=um et le platine. 20 6. Procede selon l une queiconque des
revendications I A 5, caracterise par le fait qus ledit compose olefi-
nique devant etre utlis6 est l'un choisl dans Ie groups des hydrocarbures
olefiniques et des olefines subs- titudes. 25  7.  Procede salon la
revendication 6, caracterise par le fait quo ledit hydrocarbure ol~finique
eat l'un choisl dans le groups constiltu6 par l'ethylbne, Is propylene, le
butene, le butadilne, loctbne, Ioctadiene, le do- decene, l'octad6cbne,
I'eicosbne, le docosene, le styrene, le cyclohexene, et les melanges
d'isomeres d oligomeres olefiniques, tsls quo les dimbres, trimeres et
tetrameres d'olefines inferieures. 30  8.  Proc~de selon la revendication
6, caracterse par le fat quo lesdites ollflnes substituees sont celles
chol- sies dans le groups constitu6 par l'acrylonitrlie, I'alcool
ailylique, I'hydroxy-1 octadiene-2,7, IMhydroxy-3 octadlene-1,7, I'acrylate
de methyle, I'alcool oleylique, at les composes d'acldes gras Inseatures.
9.  Procede solon la revendication 8, caracteise par le fait quo, en tant
qu'olefines substitu~es precitees, utilisation est falte d'un compose
d'acide gras insature. 10. Procede selon la rovendlcatlon 9, caracterise
par le falt quo ledit compose d'aclde gras Insature eet l'un cholsi dans le
groups des acides allphatiques mono-insatures ayant un nombre d'atomes de
carbons de 16 A 18, et leurs substances esterif les. 40  11. Proced6 selon
la revendicatlon 9 ou 10, caracterlse par le falt quo, en tant quo compose
dacide gras in- satur6 precite, utilisation estfalte d'un compose dont [a
teneur en un compose d'aclde gras insature ayant deux doubles liaisons
carbone-a-carbone, ou davantage, dans la mol~cule ("poly-bnie) eot de 20%
en poids, ou moins, par rapport a Ia quantitb totale dudit poly-ene et d'un
composh d'acide aliphatique mono- insature ("mono-ene"). 45 12.
Procedeselon l'une quelconqueds revendications 1 all, caracterise
parlefaltque la concentration dudit metal precieux du Groupo Vill, dans la
zone de reaction d'hydroformylation, se situe dans une plage de 1,2 x 10-5
A 1,2 x 1 0-1 % en polds, par rapport A la quantit6 totals du compose
olefinique en tormes d'une valeur convertis dudit metal precieux du Groupe
Vill. s0 13. Procede selon l'une quelconque des revendications 1 A 12,
caracterisb par le failt qu'une quantite d'utili- sation dudit compose
organique du phosphore se situe dans une plage de I A 500 moles par mole
d'atome de rhodium. 56   14. Procede selon la revendication 13, caractlrls
par Is fait qu'une quantite d'utilisation dudit compose or- ganique du
phosphore se aitue dans une plage de 2 A 100 moles par mole d'atome de
rhodium. 



15. Procede solon lIune quelconque des revendlcations I a 14, caracterise
par le falt qu'utilisation est falts 19    d'un solvent de reaction qui eat
inerte vis-a-vis de la r6action d'hydroformylation. 16. Proc6d6 selon la
revendication 15, caract6ris6 pari efait que, en tant que solvant de
r6action pr6cite, uti- lisation eat falte de lun cholal dans ls groupe des
composes hydrocarbon6s aromatiques, des cetones et 5           des easters.
17. Procede selon l'une quelconque des revendications 1 A 16, caractrise
par le fait que la reaction d'hydro- formylation eat conduite A une
temp6rature se situant dans une plage allant de la temp6rature ambiantb A
200C. 10 18. Proo6d6 selon l'une quelconquo des revendications 1 A 17,
caract6rise par le fait que la r6actlon d'hydro- formylation eat conduits
sous une pression se situant dans une plage allant de Ia pression normale A
200 atmospheres. 19. Proced6 selon l'une quelconque des revendbcations I A
18, caracterise par le falt que, A partir du liquids 15      de reaction
d'hydroformyiation, le produit hydroformyli et le liquids de catalyseur
sont s6par6s par distil- lation. 20. Proc6d6 selon l'une quelconque des
revendications 1 A 19, caract6ris6 par le fait que ledite distillation eat
la distillation sous vide ou la distillation A film mince. 20 21. Proc6d6
slon la revendication 19, caract6rise per le fait quo ladite distillation
eat conduite A une temp6- rature se situant dens une plage ailant de 500C A
300C, et sous une presslon se situant dans une plage allant de 760 mmHg A
104 mmHg. 25 22. Procede selon l'une quelconque des revendications 19 a 21,
caracteris6 par le falt quo ledit liquids de catalyseur, qui a 6t6 s6pare
par distillation, eat recycib dens le systeme de r6action
d'hydroformylation en vue d'une utilisation rbp6t6e. 30 35 40 45 50 55 20


